Materials and Methods

Ethical Approval
The research project has been approved by the local Ethics Committee. Biological material was derived from patients, who gave semen for routine examination. All patients were informed about the aim of the study and each participant gave his written informed consent.
Subjects
Forty-five donors were divided into two groups: with normal and abnormal semen parameters. All donors were of reproductive age (Table 1) . 
Sperm Cell Preparation
Sperm cells were prepared by density gradient centrifugation.
It was important to separate spermatozoa from non-germ cells and other debris. About 1.5ml of fresh liquefied semen was layered on top of 80% gradient (Pureception 80% Lower Phase solution, SAGE) and centrifuged at 600g for 15 minutes. The pellet was resuspended in 2ml of equilibrated medium for further washing after removing the gradient layer and seminal fluid, without disturbing the sperm pellet, (Flushing Medium, ORIGIO) and centrifuged at 600g for 5 minutes. In the last step, the supernatant was removed and the pellets were resuspended in a suitable volume of washing medium.
Genomic DNA Extraction
Genomic DNA was extracted directly from sperm cells using a Macherey-Nagel kit (NucleoSpin Tissue) with minor modifications.
Approximately 150µl of semen was diluted in GuEX buffer (2ml, 5M guanidine hydrochloride, 2,1ml Tris-HCl, 1,05ml 2M NaCl, 4,2ml 0,5M EDTA, 0,2ml 1M NaOH, 190ml of water) and isolated according to the manufacturer's instructions. Oligomer tel TTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGGTTAGGG [19] Oligomer alb CAGAGTCACCAAATGCTGCACAGAATCCTTGGTGAACAGGCGACCATGCTTTTCAGCTCTGGAA Telomere length was determined using monochrome multiplex quantitative PCR (MMQPCR), according to Cawthon [18] with modifications [19] . The dilution series (100pg to 0.0001pg for telomere oligomer and 1pg to 0.0001 pg for albumine oligomer)
Quantitative Polymerase Chain Reaction (QPCR)
of synthetic oligomers was used as a reference sample to prepare the standard curve (Table 2) . Two standard curves were prepared for each plate, one for telomeres and the other for the reference gene, i.e., albumin. All experimental and standard samples were 
Results
Q-PCR quality control showed that the slope of the standard vitality (P=0.01) ( Figure 3 ). There was no correlation between STL and motility in those donor group. Negative correlation between STL and vitality (P=0.032) and sperm concentration (P=0.011) was observed in donors with abnormal semen parameters (Figure 4 ).
There was no correlation between donor age and STL. 
Discussion
Telomere length and structure play an important role in maintaining genome integrity and they are also crucial for recombination, meiosis and pronucleus formation, following the entry of the sperm into the oocyte. The role of sperm telomere length in male fertility is not known [3] . As indicated by Kimura et al. [20] , mean STL in sperm does not decrease. In fact, it increases with donor age. Older men have longer telomeres. Fortyfive sperm donors of similar age were examined. Seventeen of them were characterized by normozoospermia. The rest of them had reduced fertility. In addition, this group included men with different, reduced sperm parameters (Tables 1-3 ). In our study, patients with normozoospermia had lower telomeres than patients with abnormal semen parameters ( Figure 2) . Recent studies by Rocca et al. [14, 11] demonstrated that STL increased with age and men with oligozoospermia had shorter sperm telomeres than normozoospermic men.
Shorter telomeres in sperm may be one of the causative factors responsible for male infertility, but further detailed studies are needed to confirm these findings [3] . The results of scientific studies on telomere length in infertile men concern patients with oligozoospermia and idiopathic infertility [21] . In our study group, there are patients with changes in sperm motility and morphology.
Perhaps telomere length is different in these study groups compared with patients with oligozoospermia and idiopathic infertility. More research is needed to prove this hypothesis. Moreover, we have not taken into account other factors like lifestyle, oxidative stress and environmental pollution. Mild oxidative stress results in telomere lengthening, but severe oxidative stress causes shorter telomeres [22] . Although telomere maintenance is a complex trait, studies have shown that mild oxidative stress is beneficial in maintaining telomere length, and thus a delicate balance needs to be established to maximize the beneficial effects of free radicals and prevent harmful effects of supra-physiological levels [22] [23] [24] . Oxidative stress induces an inverse relationship between telomere length and abnormal nuclear morphologies [25] . The another studies indicate that male residents in areas with high environment exposure had a significant increase in STL. This finding supports the view that the human semen is a sentinel biomarker of environmental exposure [26] . Acute and chronic exposure to high levels of ambient pollutants may impair male fertility by affecting sperm quality, but the real effect size remains controversial [14, 27] reported that STL was associated with standard semen quality parameters and, more importantly, it was significantly associated with the level of DNA fragmentation and sperm protamination. Among standard semen parameters, STL was positively associated with progressive motility and vitality.
In our study, STL in patients with normozoospermia was positively associated with sperm concentration and vitality. There was no correlation between STL and motility in these donor groups. Negative correlation between STL and vitality and sperm concentration was observed in donors with abnormal semen parameters. Unlike the latter study, we found no correlation between STL and age, as in other [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . However, for the present study, we selected men with normozoospermia as control and men with astenozoospermia, teratozoospermia, astenoteratozoospermia and oligoastenoteratozoospermia in the same age range. This is probably the reason why the aforementioned associations were not observed and STL in patients with normozoospermia was lower than in patients with abnormal semen parameters. In fact, the demonstration that STL is an additional sperm parameter may open new perspectives in the evaluation of infertile males [31, 32] . Additional research on men of proven fertility and infertility will clarify the significance of this biomarker also as a quality parameter for semen.
Conclusion
Patients with abnormal semen parameters had significantly longer STL in comparison to patients with normal semen parameters. If tests in other patients confirm these results, telomere length can be considered as a promising molecular marker of male fertility in sperm donors with abnormal sperm morphology and motility.
